
 

1.  Introduction

 

Invertebrate tissue culture has a long history, actually
dating to some of the earliest attempts to culture
animal cells. Ross Harrison [21] actually devised the
technique of tissue culture by isolating the nerves of
frogs but Richard Goldschmidt [13], working in
Harrison’s laboratory, examined the development of
silkworm testes in culture. These early attempts used
very simple media (often just plasma isolated from
hemolymph) but tissues could be kept alive for up
to three weeks. In the mid- to late-1930’s William
Trager [77] performed a series of studies designed
to examine virus replication 

 

in vitro. During these
studies, he designed and tested a number of culture
media based on the composition of insect
hemolymph. He used these media for culturing
silkworm ovaries. Although he could not keep cells
growing indefinitely, he observed mitosis and found
the cultures suitable for his virus studies.

The greatest inroads for the technique of cell
culture were gained in the 1950’s and 60’s. This can
be attributed in part to the availability of antibiotics
(useful for maintaining aseptic cultures) and a greater

knowledge of biochemistry. With respect to inverte-
brate cell culture, Silva Wyatt [86] used a detailed
chemical analysis of insect hemolymph to design a
culture medium. She observed mitosis in cells main-
tained in this medium for more than 3 weeks. Thomas
D. C. Grace [17] made some additions to the Wyatt
formulation (vitamins and Krebs cycle intermediates)
and, through a technique he later described as
‘organized neglect’ [19], was successful in devel-
oping the first continuous invertebrate cell lines from
ovaries of the Australian Emperor gum moth,
Antheraea eucalypti. Since Grace’s success, over 450
continuous cell lines have been established from
more than 100 species of insects (Figure 1). 

2.  Materials

– 20-hydroxyecdysone, H-5142.1

– Fetal bovine serum, F0643,1 16000-036,2 110-
1122.3

– Grace’s tissue culture medium, G8142,1 11595-
030,2 210-3580.3

– Schneider’s medium, S0146,1 11720-034.2
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Abstract. Insect cells have been successfully
cultured in vitro as continuous cell lines for over 35
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tions have been well resolved such that, for many
insects, new cells lines can be routinely developed.
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study of insect viruses. This was particularly true for
species of Lepidoptera from which over 900 viruses
have been reported. Since many species of
Lepidoptera are serious agricultural and forestry
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pests, effects have been made to utilize some of these
pathogens as biological pesticides. Cell cultures are
important in this endeavor since viruses require a
living cell to reproduce. Of the known insect viruses,
the most intensely studied have been the bac-
uloviruses. In addition to their potential for control-
ling insect pests, they also have been used as
expression vectors for producing recombinant
proteins. Details of some of these experiments are
described. Finally, experiences with insect cells are
considered in relation to efforts to develop prawn cell
cultures.
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– TC-100 (BML-TC/10) medium, T3160,1 11600-
061,2 200-2176.3

3.  Procedures

A. Media

As mentioned above, Grace’s success was partly due
to an improved medium. This medium, still sold com-
mercially 35 years later, contained six salts, 21 amino
acids, three sugars, four organic acids (Krebs cycle
intermediates), ten vitamins, two antibiotics and
insect plasma. Other scientists followed this example
in developing media for other insects with varying
degrees of success. For example, Schneider [66]
devised a synthetic medium for Drosophila cell
cultures, which also was based on analyses of that
insect’s hemolymph. This medium also is still com-
mercially available and commonly used. Other
scientists took a more pragmatic approach by using
undefined ingredients. Mitsuhashi and Maramorosch
[57] devised a simple medium for leafhopper cell
culture that consisted of only 6 salts, glucose, lac-
talbumin hydrolysate, yeastolate, fetal bovine serum
(FBS) and antibiotics. Although they were not suc-
cessful in establishing leafhopper cell lines with this
medium, it proved useful for establishing mosquito
and moth cell lines. Shortly later, Chiu and Black
[6] successfully used another simple medium, con-
taining many of the same ingredients but with
different concentrations of salts, for establishing
leafhopper cell lines.

Most of the early successes used insect plasma
(cell-free hemolymph) as an additive to the culture
media. This mimicked the techniques being used with

mammalian cell cultures that commonly used verte-
brate serum as a supplement. In fact, by the 1960’s,
vertebrate sera were commercially available for cell
cultures. Insect hemolymph, on the other hand, was
much more difficult to obtain. Even using relatively
large insects (like silkworms), hundreds of larvae
were needed to obtain a liter of hemolymph. Since
most of the culture media contained 5–20% of this
ingredient, the difficulty acquiring it severely limited
the volume at which cells could be grown. With the
Mitsuhashi and Maramorosch [57] medium and
slightly later, Yunker’s, et al. [87] ability to substi-
tute a vertebrate serum (FBS) for the growth of
Grace’s Antheraea cells, a more practical solution
was available.

Once cells could be successfully grown, some
efforts were directed at simplifying the media com-
positions through a systematic examination of indi-
vidual components. Gardiner and Stockdale [12]
developed a formulation (BML-TC/10 also known as
TC-100) based on Grace’s medium but from which
they omitted the Krebs cycle intermediates, two of
the sugars (sucrose and fructose), and two of the
amino acids (

 

β-alanine and D-serine). These changes
were based on their interpretation that these compo-
nents are superfluous. Mitsuhashi [49] tested the
growth of an insect cell line in media with single
amino acid deletions and determined that five (α-
alanine, β-alanine, asparagine, aspartic acid, and
glutamic acid) were non-essential or minimally
essential.

Although FBS made modern insect cell culture
practical, major efforts have also been made to
eliminate it. For example, Wilkie et al. [84] devel-
oped a totally chemically defined medium. This
formula was very complex, containing 69 ingredients
including compounds not previously used in insect
cell cultures such as non-proteinaceous amino acids,
free fatty acids, and trace minerals. Although this
medium was effective for growing cells and pro-
ducing viruses, it was impractical for common use
due to its complexity and the instability of many
components. Using a different tactic, Goodwin and
Adams [14] and Mitsuhashi [52] developed serum-
free media by replacing the serum with inexpensive
substances such as liver digest, phytone peptone,
yeastolate and/or lactalbumin hydrolysate and
allowing cells to adapt to the simplified media. This
ultimately led Mitsuhashi [55] to develop a medium
consisting solely of seawater, yeastolate, lactalbumin
hydrolysate, and table sugar, which could be steril-
ized by autoclaving and supported the growth of 15
different cell lines.

The question of growth factors is still not ade-
quately answered for insect cells. While there is
evidence that nerve tissue [32, 60, 78] and repro-
ductive tissues [33, 34] in culture can be improved
by adding substances similar to mammalian growth
factors, only a few growth factor like substances have
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Figure 1. Accumulative number of invertebrate cell lines
reported in the literature configured by insect orders. Most
of this information was extracted from lists of cell lines
[23–27]. However, the data since 1989 has been gleaned
from published reports that have not been cited individu-
ally in this paper.



been isolated from insects and none are well char-
acterized. We have some evidence, however, that the
insect molting hormone, 20-hydroxyecdysone can
have growth promoting action. This effect is obtained
at concentrations considered lower than those that
cause differentiation in vivo or morphogenesis in
vitro [76]. Thus ecdysteroids may be useful additives
to culture medium although the concentration
effective for promoting growth rather than initiating
differentiation will need to be determined.

B. Tissue source

Another factor that was probably important in the
initial successes of establishing insect cells in culture
was the choice of tissues. Grace [17] selected a large
insect and used ovaries from pupae as the tissue
source. This made sense from a practical viewpoint
since the large insect allows for easier dissection and
ovaries contain cells actively undergoing mitosis. He
[18] duplicated his initial success with another large
moth (Bombyx mori) and other researchers followed
his lead in developing lines from ovaries of other
Lepidoptera [15, 22, 50, 82]. Cultures were also
initiated from hemocytes, another easily obtained cell
type [3, 48]. Researchers interested in other insect
orders were sometimes less fortunate because the
insects were much smaller. In some cases, they sub-
stituted numbers for size by using whole larvae or
embryos as the tissue source. This technique was suc-
cessful in developing a number of mosquitoes and
Drosophila cell lines [67–69, 71, 81]. As the field
of insect cell culture matured, scientists eventually
turned to developing cell lines from more distinct
tissue types. This included fat body [15, 29, 36, 51,
53, 54, 63], imaginal discs [40, 42, 79], midguts
[1, 20] and nerve tissue [78].

C. Culture conditions

While media composition and the tissue source were
important in the ultimate success of insect cell
culture, other factors were also significant. In
addition to the components of the media, the pH and
osmotic pressure can have a dramatic effect on cell
growth [45, 74]. In most cases, the properties of the
hemolymph have been used for determining the
initial values, but the optima for specific cell types
may differ from the attributes of the hemolymph. The
atmosphere of cultures also is not often considered.
Most insect cell culture media are buffered with
phosphates, which alleviates the need for a regulated
CO2 environment. However, recent studies with
large-scale fermentation of insect cells suggest
oxygen can be a limiting factor in cell growth [8,
31, 64]. Riddiford [65] has also shown that the
development of cuticular cells is enhanced in a high
O2 atmosphere. A possible alternative to the use of
O2 is the use of perfluorocarbon emulsions [30].

While the technique has not been used for estab-
lishing or growing continuous insect cell lines, it did
improve the health of primary cultures of insect fat
body [59].

Temperature may also be overlooked. Most insect
cell lines are grown at 25–29 °C. These temperatures
are probably fine for most insect cells since they are
consistent with the temperatures at which the insects
occur. However, Winstanley and Crook [85] recently
showed that initiating and maintaining codling moth
cell lines at lower temperatures (18 or 21 °C) was
instrumental in keeping the cells permissive to an
insect baculovirus. When cells were passaged for a
short period of time at 27 °C, they could only be
infected if first place at the lower temperature for at
least overnight. After maintaining the cells for longer
periods at 27 °C, they totally lost their capacity to
replicate the virus.

How the primary cultures and early passages of
cells are manipulated can impact the characteristics
of the cell lines as well. Early attempts at developing
insect cell cultures seemed to focus on cell attach-
ment as a prerequisite for cell growth. This may have
been related to the experiences of vertebrate cultur-
ists who showed anchorage dependence was a
characteristic of many cells. In my own early efforts
to develop cell lines from imaginal discs, I was quite
perturbed by the cells growing in suspension as
fluid-filled vesicles (Figure 2) [40] and continually
tried to get them to attach. However, once I accepted
the suspended nature of the cells, we obtained a
continuous line that has shown many interesting,
unique properties [9, 11, 38, 43]. A gypsy moth fat
body cell line developed in my lab [36] also grows
in suspension and has proven to be one of the best
lines for replication of the gypsy moth nucleopoly-
hedrovirus (NPV) (Figure 3) [35, 44]. The attachment
properties of the cells can also be used with a
heterologous tissue source (such as embryos) to
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Figure 2. Cabbage looper imaginal disc cell line (IAL-
TND1) which grows as multicellular vesicles in suspen-
sion. Phase contrast micrograph, marker bar = 100 µm.



select different cell types during the early passages.
This is simpler than attempting to clone early passage
cells and can lead to multiple distinct cell lines from
a single primary culture [35].

In addition to early handling procedures, different
cell types may also be selected through cloning of
continuous cell lines. This method has been used to
improve virus susceptibility [2, 28, 83] or to obtain
more uniform response of cells to hormone treatment
[5, 7, 41]. The degree of heterogeneity that occurs
in the culture will influence the variety of cells that
can be selected by cloning and thus this procedure
would best be used with early passage cells. I believe
in many cases that any improved homogeneity
observed following cloning is lost during subsequent
subcultivations and that using techniques that
maintain selection pressure such as described above
may be a more practical method for maintaining
homogeneous cultures.

4.  Results and discussion

A. Applications of insect cell cultures

As was the case with Trager’s [77] early efforts to
culture insect cells, viruses and other pathogens were
a factor in the efforts of other researchers to develop
insect cell lines. In addition to insect specific viruses
like NPVs [16, 18, 37, 48, 77, 80], there was also
interest in viruses transmitted by insects, both to
plants [6] and to animals [62, 72]. At least 75 lepi-
dopteran cell lines have been use to replicate one or
more of 35 different baculoviruses (Table 1). Of
these, at least 55 lines from 17 different species have
been used for replicating the Autographa californica
NPV (AcMNPV) (Table 2).

The biggest impact on insect cell culture in recent

years was the discovery by Smith et al. [73] that
AcMNPV could be genetically engineered to produce
heterologous proteins. This led to the baculovirus
expression vector (BEV), a technique useful for
producing large quantities of proteins. Patterson, et
al. [61] reported that over 500 proteins have been
produced with this technique, including proteins
useful as vaccines and other therapeutic agents.
These potential uses of insect cells in medical appli-
cations stimulated efforts to obtain improved media
and large-scale culture systems.

Besides their uses in virology, insect cells have
been used in a variety of other applications. We
specifically developed cell lines from the wing
imaginal discs of Lepidoptera [40, 42] for use in
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Figure 3. Gypsy moth fat body cell (IPLB-LdFB) infected
with nuclear polyhedrosis virus. Nucleus is filled with
occlusion bodies (arrows). Differential interference
contrast micrograph, marker bar = 20 µm.

Table 1. Baculovirus-susceptible cell lines

Virus Cell line

AcMNPV See Table 2
AfMNPV See Table 2
AgMNPV IAL-TND1, -SFD1; UFL-AG-286
AoNPV Adoxophyles orana Ao/1
ApNPV SCLd135
BbNPV Ao/1
BmMNPV Antheraea eucalypti; SCLd135; 

SES-BoMo-15A, -C129; IAFEs–1
BsNPV WIV-BS-484
CfMNPV IPRI-108
CmNPV Cydia pomonella lines
CpGV IZD-33B-19PK-, -11-1PC-6PS-21PK-
DwNPV IAFEs-1
GmMNPV* TN-368; SCLd135; IPLB-SF21AE; 

IAFEs-1
HaNPV Bm-21E-HNU-5; BCIRL-PX2-HNO3
HcMNPV* TN-368
Hz-1 IMC-Hz1
HzSNPV BCIRL-Hv-AM1, -AM2, -Hz-AM1, 

-AM2, -AM3; IPLB-1075; 
IPLB-HvT1

LdMNPV IPLB-LD-64, -65, -66; IPLB-LdEp, 
-LdEG, -LdEIt, -LdFB

LfsNPV IPRI-66, -108
MbNPV IZD-Mb0503; MB-H260
OlSNPV IPRI-OL-4, -9, -12, -13
OpNPV IPRi-OL-12, -13; IPLB-Ld-64, -65, -66
OrBV DSIR-HA1179
PcrNPV Bm21E-HNU5; BCIRL-PX2-HNO3
PrGV BCIRL-PX2-HNO3
PxGV Bm-21E-HNU-5
SexiNPV IPLE-SF-21AE; UIV-SI-573, -373, -673; 

UCR-SE-1
SexeNPV IPLE-SF-21AE,
SfMNPV IPLE-SF-21AE; SPC-SI-48, -52
SlNPV IPLE-SF-21AE; UIV-SI-573, -373, -673
TipulaBV Tp, To
TnGV BTI-TN4, -TN5
TnSNPV TN-368; BTI-TN5
TnMNPV* See Table 2
XcNPV IPLB-SF-21AEII, CLS-79



studies on insect hormones and developmental
biology. Other researchers were also successful with
imaginal discs of Drosophila melanogaster [79]. In
addition to using specific tissues, some lines
developed from embryos [4, 39, 46, 70] have also
proven useful in developmental and physiological
studies. Early studies with insect cells [56] also
revealed their utility in assaying insecticides although
this has never become a routine method.

B. Oops, What Went Wrong?

In 1979, Nelson-Rees and Flandermeyer shocked the
scientific community by revealing that many cell
lines purported to be normal human cells were, in
fact, a line known as HeLa that originated from
cervical cancer cells. In a follow up review [58], over
110 cell strains were listed as being improperly
identified. This included three presumed mosquito
cell lines that were actually Grace’s Antheraea cells.
Tabachnick and Knudson [75] also revealed three
lines in their laboratory were also misidentified. It
would be difficult to determine how these misiden-
tifications occurred, but several approaches can be
use to avoid this situation. 1) Use a different media
bottle for each line, 2) work with only one line at a
time, 3) never reuse a pipet without washing and
sterilizing it, and 4) label culture vessels prior to
inoculating with cells. A reliable method for identi-
fying cells (isozymes, DNA fingerprinting) should
also be used soon after the cells are in culture and
on a regular basis thereafter.

C. Relevance of insect data to prawn cell culture

A number of practical points relevant to the lack of
success with prawn cell cultures can be gleaned from

the history of insect cell and tissue culture. Perhaps
the first might be, ‘know your animal.’ Even though
efforts were made early in the 20th century, success
was dependent on first obtaining detailed knowledge
of insect biochemistry. While studies had been made
on details of some body fluid characteristics and
components (pH, osmotic pressure, salts, sugars,
etc.), Wyatt’s et al. [86] study specifically for the
purpose of developing a culture medium was the
most complete. Even though Wyatt was not totally
successful, her contribution was essential to Grace’s
ultimate success. Also note that insect cell culturists
have never operated in a scientific vacuum. In
addition to Wyatt’s work with insects, evidence from
vertebrate tissue culture led Grace to add vitamins
to his successful formulation. This suggests that a
detailed analysis of prawn body fluids might aid in
developing continuous cell cultures.

Another important factor in Grace’s (and subse-
quent researcher’s) success was patience. The first
cell line he developed was initiated as a primacy
culture in October 1960. After the first seven weeks,
(during which the medium was changed at one- to
two-week intervals), the cells began to degrade until
by the tenth week, few viable cells remained.
However, after ten months, cells in the culture began
growing and within two weeks, the cells could be
subcultured. Regular subcultures (at one- to two-
week intervals) were possible thereafter. We do not
know if this crisis period that Grace observed is
related to a transformation event with these cells but
my experience in developing cell lines suggests this
does not always occur during the initiation of
continuous cell lines from primary cultures.

Insect cell culturists were somewhat lucky in their
early studies with insect viruses. Since NPVs tend
to infect a wide range of tissues in the insect, the
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Table 2. Autographa calfornia nucleopolyhedrovirus-susceptible cell lines

Species of line Cell line designation

Adoxophyles orana Ao/1
Amyelois transitella HCRL-ATO10, -ATO20
Anticarsia gemmatalis UFL-AG-286; BCIRL-AG-AM
Bombyx mori Bm-21E-HNU5
Estigmene acrea BTI-EA1174-A, -H
Euxoa scandens IAFEs-1
Heliothis virescens BCIRL-Hv-AM1, -AM2; IPLB-HvT1
Heicoverpa zea BCIRL-HZ-AM1, -AM2, -AM3; IPLB-1075
Leucania separata NIAS-LeSe-11
Lymantria dispar IZD-Ld1307, -Ld1407; IPLB-Ld67; IPLB-LdEp, -LdEG, -LdEIt
Mamestra brassica HPB-MB; SES-MaBr-1, -2, -3, -4, -5, IZD-MB0503, -0504, -1203, NIAS-MaBr-85, -92, -93
Manduca sexta MRRL-CH1, -CH2; FPMI-MS-5, -7, -12
Plutella xylostella BCIRL-PX2-HNO3
Spodoptera exigus UCR-SE-1
Spodoptera frugiperda IPLB-SF21AE, -SF1254; IAL-SFD1
S. littoralis SPC-SI-48; -52; MPB-SL; UIV-573, -373, -673
Trichoplusia ni TN-368; IAL-TND1; IPLB-TN-R2; BTI-TN5B1-4



tissue source of the cell cultures wasn’t important for
successful replication of the virus. However, for
years, researchers tried to replicate granuloviruses
(GVs) in culture with only limited success. For
example, Miltenburger et al. [47] were able to repli-
cate the codling moth GV in two lines from embryos
(out of over 100 initiated), but the susceptibility of
the lines was lost with further passage. Granados et
al. [20] had a similar experience with the cabbage
looper virus in which initially permissive cells
became refractory to infection with further cell
passages. While temperature had not been recognized
as an important factor with insect cell culture until
recently, the results of Winstanley and Crook [85]
suggest it probably should be. They believe the use
of low temperatures for maintaining cell lines from
embryos of the codling moth allowed virus replica-
tion even in long-term passaged cells. These results
might also be relevant to efforts to replicate prawn
viruses since in many cases, the prawn baculoviruses
have a more limited tissue tropism than many insect
baculoviruses.

The knowledge gleaned from cell lines initiated
from nonspecific tissues (embryos, whole larvae,
ovaries) gave insect cell culturists practical experi-
ence which ultimately allowed for initiating lines
from more specific tissues. Existing lines may also
be a resource of growth factors, either through pro-
duction of conditioned medium or in feeder layer
with primary explants. Even though only limited
evidence exists for growth factors in insects, similar
factors to those found in vertebrates probably occur.
Although I know of no examples in which insect cell
lines were established using growth factors or feeder
layers, conditioned medium has been useful in
growing parasitic wasps in culture [10]. If feeder
layers are going to be employed, it is especially
important to be able to identify and differentiate the
feeder layer from the source of the primary cells.

Even if you don’t plan to use existing cell lines
for conditioning media, it is a good idea to obtain at
least one existing cell line. The experience gained by
‘hands on’ cell culturing will improve your changes
of obtaining a continuous line from your animal of
choice. This will give you an opportunity to practice
the various techniques that you will need to use with
your new lines.

Notes on suppliers

1. Sigma Chemical, St. Louis, MO, USA
2. Life Technologies (GIBCO), Gaithersburg, MD, USA
3. JRH Biosciences, Lenexa, KS, USA
Mention of proprietary or brand names is necessary to
report factually on the available data; however, the USDA
neither guarantees nor warrants the standard of the product,
and the use of the name by the USDA implies no approval
of the product to the exclusion of others that may also be
suitable.
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